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HEILMAN R A; KORTHUIS V; KUTILEK L A; SINGLETON 
D E; SZANYI J; THEIL J P; THIEL J P; 
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L01-G04C(Coating glass sheet with inorganic material) 

( WO9841480A ) An article has a photocatalytically actuated self-cleaning surface 
layer deposited on it by chemical vapour deposition, magnetron vacuum sputtering, 
or spray pyrolysis .Preferably the coating is selected from oxides of titanium, iron, 
silver, copper, tungsten, aluminium, silicon, molybdenum, zinc, or zinc stannate or 
strontium titanate and has a thickness of at least 400 Angstrom . The material may 
form one layer of a multi-layer coating, and may have a sodium ion diffusion barrier 
layer between it and the substrate. Preferably the barrier is a crystalline or 
amorphous metal oxide, especially an oxide of tin, silicon, titanium, zirconium, 
aluminium, magnesium, zinc, cobalt, chromium, or iron, or fluorine-doped tin oxide. 
The substrate may be of glass, plastic, metal, or enamel. 
Use - Treatment of continuous float glass ribbon. 

Advantage - Thin coating not affecting optical properties. Coating can be applied to 
hot glass without cooling. Sodium poisoning eliminated. 
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y*>±UU -^b^^vo^M«^tcj:^T>Stt<b*nfci)tttM^ffM 

y. mtm,mm® zmzmmij^xz^w) . ^n^^zmm^x(D± 

BulBii;^6MIB7P-h;£y^>^yttsu lifflP-^CctoTii 
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IB7P- bmv$y**p*m?T®mz-&Tmm7n- h%v$y*7--vy 

3 0. ^mt^oTSM^nfcgMSI^s «JH!R»IE6tHk¥it 

»^6&«e^6»R*nfc*aic<feyii«-r*, 11112 9sek©^c 

mz&tSs ll«3S2 9IB*©3Kfio 
3 2. Mtt^fMlte^TSI^^ 

3 3. «7Xi/-RSD, i$8tlgtfs tulB^X^-hcDMSt; 
3 2f3tg^}£o 

fiU'NfDt h V Vlx'(*>(D®m*m<\ WM3 2i3tS6<D£)£o 

35. ±\*t)vu**>mmmm*s \mmm. mmm^Bs &rf*?*h 

p>X/\°7^U>^*^6^^?¥^6S^n/c^>£tCcJ;U±ia-r^s Bli 
3 4f3K(D^5£o 

3 6. *HJ*^*>ffii«M©i#»lS*, «7XtD«tfl^5 
&3l¥frSit^£ftfcMIB#^X->- hfiIEXfS^lc^5, Mil 3 5iE«a)£ 



(7) 



#^2000-513695 



37. xmm7£ftit&mmt*7--i)y?LTs mmmm^mtm^ 
3 8. 7--vy?xmt)\ MMffiMi&wtm&s msooxo^miz 

TZZ cheats If M 3 7 fEt!6<D75;£o 

3 9. 3tttl*SgttftS»tt ttlltfs 'J>ft< £t>»2 x 1 0-3 c m-1 »-i <Dfti$ 
JSJg/SSJt^WrS, I«I3 8ietE£>7J>£o 

4 0. 3H!^jftS£&. 3tltt«Stt<bS3WtttSI±JCiftaLfe1 0 0-20 

6tlfd$3 0 0-4 0 0 n mcDtgH^JlSM^ ftnB3ftti£Stt<bg» 
acoa®T«LT, $J2 OW/m2©^*^r**^tc«BB«iBj!4«Stt 



(8; 



#§12000-5 13695 



*m&s 1 9 9 7^3^1 ABlcffiHtfnfeWett^BWtfFaiBiLWCSer 
ial No.)60/040, 5 6 6«J^iIT^t»©?$^ 0 1 9 9 7^3^1 

4Bizto®ztitcmmmxm#&imMLm%6 0/040, 5 6 ssOTtit 

j$-?(Greenberg)W<DiEM<DXmftftftm its 

*£SBtts ftM$>£141bg;t14(photocatalytical ly-activated self-clean in 

-Wct^y (T i 02) «t±lc3ttt«IStt<bS»tt (J-XT rpA 

SCJ tMS) ^^^^MbftTl^o #7 XS1*±tC P A s c -gHb? 1 
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ymtzBrntzztizteTzmfflBiziz. xsm/rms. 595, s 1 
wiX(?az)W(D rjj^xtcDxmmmjzmm-mt^zymi (Photooxida 

tive Self-cleaning Transparent Titanium Dioxide Films on Glassk J. Mate 
r. Res., Vol. 10, No. 11, pp. 2842-48, Nov. (1995) #a£ft£ 0 WlZ, ~ 

(BlekeHe^ r^s^m^eM^^^^Mii^-r^si^fcii-r^w^ 

©Ulllil&J (Bibliography of Work On The Photocata lytic Removal of Hazar 
dous Compounds from Water and Air) (1 994^5^ s National Renewable E 
nergy Laborafory) % St/1 995^1 OEWfrlEfttfl 996^1 O^ftlJrRS 

StttcPASCttfl zifbf^>PASCM) •&mmr%m&K 

ttZZfrMZs )?lWllfikT&&o ^/Uy/U}ST^s SeSfbLT£l^7;l/P- 

. xtt?S3t»a-r*, i oo°c~8oo°c (212 0 f-h 

72 0 f) oisfflfcoMNMu p kscwm^mmzi^LK-o (xi*) 
PAsctfta*ies<bu si*±i«:3iefl<kPAscttfli «w zmmtZo 

(#, 7P-h»U/1?>±lCs ^©t^U: PAS Cii^^fc^, *-®'J/1? 

;i/« a H a ^ lt p a s c »aic&*©k^afflS / s?iJn»-r*c £#<ws?* 

P A SCSIWPA S CjSttJttt, LSiWc^ h U *lH'*V#SfcU 

1^0 i-hvou'f*>*'&m?&&<(D&»izwz. i-hvok^tyow. 
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WmOW^\z^ 0 f(D«J:3ftI^PASC*Itt, PASClILf* D M 

mm (kit rcvDj -so x mmmftMs &t>^*hn>x/\°y 
^tfcPAscm ai*.^ -^b^^v^^-r^PAscMtcH-r^ 

tc+vvou<*yfflffim (j-xt rs i dbj iiPf^o Ms mz.i& mtms 

-Wik?$>, MikTl\s^-OkomikXf'tn£>(D : ,Ft£tyJ). iulBS I DBlco± 
tCit»L/cPASCm =mt9^>Wm^t^P ASCfiflfcfc 

PASCS1MS I DBEli, ^CVD, StfMSV 

11 1 wnfcPA s ca«*±icwr*afto-ffi»a>i:ffliaT**o 
a 3 tts c v D«Mfl!)aw«jrn/-cW n c &o«a;Bi?**o 
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t»J:<s agra>£<hLT, P AS Om2 4tmW2 2 tomzfaQmffft&L 
TVTtxfcC *nS<DJIfcttBI2lCiSU »THM¥fflfcaK*J:9ftS I D 
B«2 6j6^£tl*tf, ^nicffi^^tlSfc^T'ttfe^o PASCSI2 
4Mu »t22±tcSaf*affllO^JiaJift©-»±fl)*?«>«fc<s alttPA 

a s c«M2 4^Mfi<H!:«t5fl)l:^ftfk¥II^P a scii24± 

lCjt»Lfc^©««7»«&5BiflLs SStt^fc/Uff* PASCW2 40±tCti« 

PASC»«2 4tt, 3fejWl«^Jllcj:oT7Stt<k*tlTi^14lcfty, CVD 
txfclA, ffil7l«s PASCfI24lC», IHb^X ttfb& ttfbffi 

K&£s<DiMk fflKbtt* x«ffiiMb*rt>«ft*o 

iff* L^P A S C««2 4ttZ«f^5r>T*« e "Wb^* VttMSJBStf 

7^*~ t?ffi-BHb**v#»*u\ ^nrauPAscs 

©SlAttK"4*«o /l/*;l/tB::lHb*$ >t> P A S C 5§14^^-r 0 7**— tf 
St/ (XI*) ^/Uvafh&tf (Xtt) M^*Bi©«^t», * 
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oms&tf p a s c stt^-rna y . *^?wr 3 £ t # 

PASCtl2 4tt, IWTOft**©PASCj£M*4S.*<fc?lCx ^ 
Taifttttt&ttttfclA, fctfftSs PASCa«tflfSTOft#*0PASCS 

ttJS*«b03B^3^tt, PAscaatofifcffl^stt&tf&tt, 

M LTilfR* *ifc1$i£«2£Kcfc y < ^?n^fr6T-$5o -flgfcPAS 
CMjbWl^Is *£&PASCj£ttJt£4** 0 L#U -1 

*u\ «jp Q n oai±©a®^«iw:, »^PAsc«i*ffl^Tsa(cisa* 
mmzitLs pas caw** »sL<i*'>a<tt»«2ooA, «f$l<i*'J> 

ft<<kt>*?l4 0 0As -Ji*fSL<tt / >S<it>iKl5 0 0A©ji*TS«o Sft 
2 2^7P-hj£«7XJtT»*ys PASClI24i)\ *©7P-hS£#7X 
<£>±U: C V D }£lc J: y H&ffM L fc 7 * * - 4f " i^fc? 1 * V P A S C a«T*£ 
'>&<£ s k$l5 0 0A<DJS£7\ fil^ffiBaOfflJilCJtLftSWSPA 

sca»«a7tt2ow/m2©gfijs*wr^ */w*w^y-^>KOQ 

-/fc*;l/ti#SlS»& UVA-340£ LTjfiJBtrnT^S J:d^»6a)^ 

^icPAscaa^»aiL/'cJg^ xxzyvttttwioifts^u $j2x 

10-3~85XlOVcm-i (DIBBKD P A S C SJS3at*4 A* 21 £ # ¥U 

l^PASCW, «IB!&#ft¥x CVDX«MSVD^C<fcySft2 20±^ 
SKJ\ CVDJSTOvUt^X I^SII^XW, gft:2 2<Dgiffl<D£ 
[ZPAS Ca^2 4*BMTZMZftftKmZ<D : &mzU'3o MSV DjsSTO, 
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\ mmmmm£vm%Li\ &tr&6> m^m^mmo^mmt. pasc 
*jffl2 4(fJtcoH-^*v*#aE«!r-&«*fijincay, *ti#^jsi*p ascii 

2 4 ©^&*ga»j35£tttf * ^ftlc<£ o »S£> PASC jSttSfcffiTT 
b?$4 CVD5£BKfl»£ilR£tts MSVDSkfcyfcffSUA, * 

*«a-rsJi^ic®^-r«3b^T*sSo pasc«2 4£*tit* #3 c v d, 
mmvMMJsaf Nisvomts T-e-mmmizmtZo mmmftMRTfcvofc 
it. &to®±iznv »5A©ji*©) iiiibft«i (-Mik?$> 

*<0<fc5ft*«W\ #H1#?F3&4, 344, 986-^. ^4, 3 9 3, 09 5§ 
x fg4, 400, 412^, S4, 719, 12 6^ £4, 8 5 3, 2 5 7^ 
&tffg4, 97 1, 8 4 3^ (^ne>^tiwST?>iI<5:tCd;oTfflWCT 

c v D)£ic£ y -wfc+zyp a sc*H&j&8«fca&, *»ma©*jrai 

l^i!<!:^l:^^)#Sa^luiEWtc« s 0»^V(T i C 1 4), 

h^-f y^P#*5/K CT i (OCsH7)4] (WT TTT I Pj fcPfcSO , Rtf 

WVfh7ih*i/F CT i (OC2Hs)4] (J-XT ttte tj £n&50 #S 

^xtctis «s 7>^-7, &OTftS0»£tt#£$ti3#* 

jttis -mmm?mLTc3m(D£m^mmniz'2^T. o. im%~o 

MT* 3 C £ tt Mi *ffc <fc o 6 ftS T?8 5 5 0 
PASC W^PS«^£tcd: £ £ 
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M/7Mr h*- -fUTttfrT-b h*- h CT i O (C5H7O2) 2] 

5-40 tt%4)f6Hfc S3„ ttRW^ttGHEl^O) 

7Kn#i^m4, 7 1 9, 1 2 7§s« t^c^nm 6ff~m 

Cfii2 4W^ «^*WK*K*5W!ilLTPASC5gtt*Wr*S« ( 

fi*^ ^iitt pas c««0fc»©s£ii*i) stiHrtic L&#ti 

WWKO^Ttt, M»H(D3t^^^?^4^^»1*2 2CD«£)SJt6\ ft 4 
0 0°C (7 5 2° F) % ft5 0 0°C (9 3 2° F) ©SJgiSHfctefcSo 

P-h}£^XU^>T\ PASC*fi»2 4^07P-h^'J/1?>lC s ^©Si 
WteWT^ii^ 7P~ h&tf^Zfcfcl 0 0 0°C (1 8 3 2° F) ZMtLZ 
sBJSlcaLTt^ 21^3^35*0 7P- KStj^X'J ii^8 0 0°C (14 

7 2° f) *ys^ajtTMi<L/'cy*#*%3£46/*cy sifl^ra 

) T^o t»L7P-hS6^X*»<r*WXtt»<LTt^lHtcPASC»ai 
2 4W^*b(l PASC«I2 4(t ^(D7P-h;Jf7XUry^ 

^j^*xtiff«Lfc^ «lwa4 lots **w«-sat-r*«^. 
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V-#EK5> ^JtliJ^XCDm^ 7P-K£U#V#\ mXim8 0 0°C (14 

7 2° F) ^UiKSoTOT^U 7P-K£U#>;6\ m^mAQO 

°c (7 5 2° f) £VMi^m^mmm*M%t&ELmiz%>miz. pas 
c v d summmmmiz £u p asc»2 4 ^mi^ t » % 7 □ - h 

S^XU#>©«!ffl*lcSIJS-r*a)lc!|flcJ:<SiLTl^e -ttlc, 7P-b 

« 0 fcHfttt^, 4 6 6, 5 6 2TOtfS4, 67 1, 1 5 5^M« (Ctl 

il;§±<D7 P - h }£ U #V©Mtt, -«WE5S©3iattlWT»0» 1 0 9 3. 3 
°C (2 0 0 0° F) frS> ;§(DffiP«T«J5 3 8°C (1 0 0 0° F) (DiSH 
lc£5 0 li5S(h7 7 --U>^P<hMa)7P-h>£U^>(DSlttis -^gtc^4 

8 0°C (8 9 6° F) H&5 8 0°C (1 0 7 6° F) ommiZ&Z> 0 7-~ l J> 
^P>t"(7)7P-h}£ l J^>(DSJt^ -miZ$}20 4X (4 0 0° F) H&5 5 

7°c (io35° f) ^-wmmiz&Zo 
wst* £ tiz& -DT^mmm^M v An a. n^s t^h^im, 853, 2 

5 7§, H"4, 97 1, 843#, H5, 5 3 6, 7 1 8#,H5, 464, 6 
5 7#&tfSt5, 5 9 9, 3 8 7§BM«C^ 7 P- h;£U *<01!I3S 

£<D7\ 7P-haU#>tCPASC»«2 4*#7L«©^ CVD)£tt#?tffc 
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;£Utf><DjlJf , 7P- h}£U7jt>©a®^raf VDWgm 

ansa, c v DMgfi«Mamp^ii^«+^ g^39xfloa«stfisiB 

m. mz. r^ii^Jt (exhaust matching ratio)j t LTfllSftTl^s 8MK 

7 □ - h m U # V©aStt. C V D ;£tc<£ f 7 □ — h >£ U #>±ICJB«* ft 3 P 
ASCM2 4 <D«HftJI£ ^cocplcA^ £ £ 

»s-r*ctti:<fcoT*w«iWEisiyAft6ft*s ^sttPFSM, 719,1 

2 6^ £4, 7 19, 12 7^314, 111, 15 0^St>^3, 6 6 0, 

o 6 1 -^mwc^ 7p- bfev#>®%tmcm^zzt&T*i*%mmmtt 
m&s mmmmmz & v 7 □ - h % v #>±imtite ft* pascsi24(di 

RttSftSilUTSSc 
yj£#fc8eftT^*J:5lEs »Hffl±©7P-ha^XU#V©ffi Gift 

MIIIi^^cDMtC^^^, £<D#t!fcWu -b-f^-(Seiger) J. tCcfc^S. T7P 
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-KStf^XaEOtt^jfttJ (Chemical Characteristics of Float Glass S 
urfacesk Journal of Non-crystal I ine Sol ids, Vol. 19, pp. 213-220(1975) 
; P^tiXColumbin) L. WO. r^p- K£#5>X<7)Ji®*M<7)}fi;§ : £ 
Ml (Penetration of Tin in The Bottom Surface of Float GlassiA Synthesis 
) % Journal of Non-crystalline Solids, Vol. 38 Samp," 39, pp. 551-556 (198 
0) 

;M5^-f'j;Pi*X(Williams)K. F. E. mo WZ/WT-ftftftmz&Z 
ystalline Solids, Vol. 211, pp. 164-172 (1997) {ZLtl^m^fmikt^Z. 

tiz&?T*mmmizm i )Aftz>)izm[:£>ftTi^ a PAsc«i2 4it y 

fl5fi8LTt<fe<s lEfcfcs CVDaXtt««ft»JI|^cJ:»J, 7P-K£U 

SH#lcd:oT^:466tlST*fe5do PASCS«2 4S % 7P-h5£'Jtf>CD 
<7)±lCii«[LfcPASCtta2 40fcA6©S I D BM 2 6 £ LTO&ttTZt 

ma-rscd:tc<j;-3T*^ai*cixyAnenSs *stti<FJg4, 379, 0 

4 0§, Jg4, 8 6 1, 6 6 9§, Jg4, 900, 6 3 3^, f!4, 920, 0 
06^, H4, 9 3 8, 8 5 7§, ^5, 3 28, 768^&tfH5, 49 2, 

7 5o§pmi (ss-r«ctic<fcoT*wiiB»™yAns) tf^xs 

m7n-h;J l J ^±KB$T3<D« Ll^fr 6 T*fc* 0 LfrU MS VD 
Stt, 1*2 2, ffllAtfs «7X5/-h±lCPASC«M2 4«:3R»-rSi©H:tt 
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&TZZ.£ftT*l*%o S#2 2£4 0 0°C (7 5 2° F) ~^)5 0 0°C (9 3 2 
0 F) ©KHOMfciffllfcLTs S1*±a)MSVDXA 0 >y^U>»a^#X 

tts afeStt*fiTfS^6?S«o K£LT\ X/ty$'JV^Slli. MSV 
D »«ggfcT*ii SSSIMb-r £££ T ^ Si* JU=F- 7^ X? £Ji l/>TS«ft 

MSV D5££J3^T PAS C»fl|5&4A*ffS Ll^Bt, *ft±lc«ffl*7. 
/tv*V>?U MSVDM»6^0WLfc»#^lXUI±JU * 
£DSI!l*5li5}i LT7/\°7 2 U £!SIHb LT P A S Cttffi 2 4 icf 

«o m*.1i£s MSVD^fflL^ ^)5~5 0%. »$L<tttt2 0%OK*« 

LrcmtezmmfrzwjmLs ^4oo°c (752 0 f) h&6oo°c (1 1 
12° f) omwoi&miz, PAsafcikB(D-wibi L $>(DBm*femu p 
Asamizt^oiz^t^mmmt^, Hsicm 00 °c asi° f) ~ 

(1112° F) (DiBH^JtT^<<h i tlB^T^^(7)*W^L 

CVD, 0Hj§i^?, XtiMSVDJ6lC<feyJftaLfcPASC«ffl|2 4*Wr 
2 2 « s ft? 1 B&±0 P A S C »7I- U V^SimcjbHtT PAS 
CSI2 40l;tMll^t§o P A S CHffl7>'J 

«a©PAsceftffio^j«*ffi3irsci:ic<feys pasc»i24©§ 

s «tt2 2 0tii/& PASC1I240M PASCSI24©I^ MP 
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asc«i24 ftmmmw 2 2 <D±iz&m-&tiT^zt\ 5umw±<D%mmm 
wco-^om^^t^t^H^tcmo^om^iz^^mw^^f^^tmm 

bft3?&33 0 Si*2 2^7P- h?£#^7JtT\ PAS C«»tfi®lf&#» 
ii^s W5 0 0°C (9 3 2° F) 71 3ft£-?7-- l J>?t%Z.£lZ&V 

2 2 bSft 2 2 _btci#« L/c P A S C M^i&KT^ifl^ * h U ^ A< 

iM>£ tic J: y , PAS C^acD^M^tt^PlSxra»-li?)il <h6^§o 
PASCWs 1) 4^btl§t h 'J ^A-fTrvll^ P A S C»-gP 

Mzmmznrc$ffim+*>(DtLs mo mt) 2) s i dbi 26£4*.££ 

(htCcfcUs Tfe^SSftit^fgT^SB ^ T £ £ & < , * h >;*A>r*>^«f*2 

2 <D±lC P A S C mtZBtitZ Ztft-ZZZZ. £1$n,&1S tlTl^o 

PAsc^a^n*^«/j«^M^^3i^s sft^ ^-hu^^Tt-yos 

#frb PAS CM^\(Df$H]^S3C^-tJ:^(Dlc3t^SJtti:^^^tc, f I- V £ 
A-f7T>^«#Oa®±tc: PAS Cttffl^itffiLTfcx PAS CjSffigtf* h 

mmit^zimm^nzi^i^\ p a s c w^n^^^^g/jxn^-^^ 
§igifH[t h u ^ 7t->«K-r§c tftv^ZMt. pas cti©ii 

nmim±s spis, fow? £n N s^ast^^tj^p a scs 
ate *H;*^*>»S£§fcm^iw*£8u PAscsttg^ii 
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>©»»tfs* ass* v n < sft«#*nTi^p#Hs pasc s»n n p£ 

AS CW0^ * h U *£-r*V-?tt»LT^fcl^fc#fcP A S CIS 
I2 4|»«#i *OPASCSttS*«9t«yc»lCtt, PASCSM 
#14, $J 2 5 0 A©»/hfits »S UM400 A©«/J\ffik -JiS? * L < lift 
5 0 0 A(0fl|/J\<I£i#O'<£T*£5o 

*tEH2lCHU PAS C»f h U ->^>r*V*»*l»<*gUa)5&i£7»«s 
PASCiI2 4<hIft2 2i«CS I DBS 2 6*4ASo S I D Bjf 2 6 
tt, PASC«ffl|24i:W*:22i:©IB©n|l-a)JITt,J:<s mtZMZ&mm 
Mft<D—D<DmT**>&l\ flilMfflL^i^ S I DBI26tfPASC 
ttI2 4ilft2 2 tOimzmWZ tU MW 2 2 6 P A S C ttffi 2 4 <\0)+ h 
VOk<f*>(D&W}m<*mVs S I DB«26tf«tt22<t^LTV£#B 

S I DBJB2 614, SHbimVUK IHt^ni^ HKbfli. IWbJlJfc. 

Wb^^Vs ^fbv>vu=i-^^ 7yiF-7il^ ^b7;u=-^7^ BHb 

TMi i-t-yyjU'ftyfts i DBSfciioT&srraiiJtx pa sew 
mtt%ti\ ftzommzt^r. PAsctnoth^M^vti^ 

C/c&tcte, S I DBS<D)S*ttlftS!Wlctt^<<!:fej^1 0 0 AcDfoHtcS U 
s iffL<(m<M2 5 0A, -l»^L<t*^<<h«5 0 0A(DII 



(21) 



#^2000-513695 



^icss^sTOfco s i DBiti. c vDs mmmftB. sumsvomzk 

'>&<<!:M4 0Q 0 C (7 5 2° F) <DslSfclttJt«©tf # S U\ SIDB 

BHbffiS l DBIIt *H«t»jSiatcJ:y % ZL^yft^^/WBs (C4H9) 2 

±izmmTzztfc&vmto±izimt%z.t&?i*%o -miz^co^mmm 

tommzlt* 7JC1 V y h/UMa'fcU 1 0 0~4 0 Og©Z77fk>>7f/l/^ 

•y<b^^;WBtt?*l»»Ls 1 ~1 0 /iOTJSttgfcfSo *ffiRi»tt, » 

s ^<ifc^4 0 0°C (7 5 2° F) % ^L<im5 0 0-7 0 0°C (9 3 
2° F~1 292° F) <7)SJS^^^Sl*a®tcPiM^®lCc};y3iU. ftl(C 

BUatLT, IftliS I DBMCVDjSlCfcy* LfcffiSMr* 
y*#X*0=*«bt/7*Jl/«« (JWT TMBTTCLj ©£3% 
^M^M««^b*1*±tC^-ri,C<h^7^So MBTTCLUlt £ 

0°C (9 5 2° F) „ ff$L<M5 0 0°C~8 0 0°C (9 3 2° F~1 47 2 

° F) ©fflJStcU HHbflSS I dbiwi-^o c©*aicd:y^*ti«s 

B T T C L Wliaift U "?l37,V>yfm.\Z& o T$"J$P*ft3 £ d: ItUisb b 
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ali Metal Diffusion Barrier Layer) £W$%> 1 9 9 6 ^ 2 ^ 1 B M^H^I 
MILS§0 8/5 9 7, 5 4 3 {MJktZZLtfr&^T^mWmfoW) A 

«0J3<D PAS CWfflti, a^mraX^^ HUM 3 0 0-40 Onm©l 
^HIBBKDTO^tcWr 3 c <h tc <fc y ftM^Wlc^ttfb LT g&mcft 3 0 It 

lack light)X^UVA-3 4 0^(Dcfc5^^3 1 6»^Sn^o PASC 

I&tt*Sig£JBl^B& UVA-340«s ^&l«(black light sourc 

e) ©3t?x*iu*-»*«fc y fc*»3fc©*a>#*ic-ji <*: < -a? *#?x*/u 

«S^U PAS C^a^^cBiLfcBi<i: , cDcJ:3tci!i< ^-llim 

jc3fiftt*"&«fea6tc u v a - 3 4 o £ £ 

miEtz>o ®mfs mats tiV7.*iu-Tmy>- tf^ux/K^n^/K 

7U7 h • yn^^ i ytt(Ultraviolet Products, lnc.)tC<feyaiS«&^y^ 
• UY (BLACK-RAY) <h LT^IE^ J - 2 2 1 T'iS^* tlTl^fcO© «fc O tyWS- 

m^BSERtf PASC SlHcft U PASC ilit 

U ^KSttS-iiifi-rScfc^c (IP"5x MffiXtt TMfJj lc) IBBf ^ 0 SI* 

?mW*mVs :&fcPASC*HI*iia«<fc?fc (BPS* »5fflOXt* rswu 
J Ic) IBBT^o »C»J©t8«£LTs -oJ5U©*^IKi*, PASCW 

»S L^^^;JiXt*^^«JtX^^^M/P A s cwm/mwDffltto 
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pascimi^i^ ffiiAtfs Mrt^xM^Moffiffl ; as?*n/-c* 

* ; MftmmMmmxittmznmm ; m©pa s ammm^oAM 
ft ; M?ti^x(irj?n§ pas csffit ; s^stf (xt*) iftcHtt 

PAS C*fflO±lE#fit-*ffi©*KttJitE*oT*^tf5»Xtt«»JR*ft 

«S«;l»S«d:.5ic*a66ti*75»!*; pasc»©ij ; pasc^i 
<mm : + o^tywrn^w^ ; was i DBi©n^sn§o l 

U PAS Ctt«(0«iB©±lCffilir**^MiaKJ v 6 PAS C«fflO«ST»il 
JELTx *S)5~1 0 OW/m2 0|BSll*l s ff$ L< 0 W/m2£> 

PAS CSPPA S CjSffltfcMfafc&tes PAS C^ttXliP A S 
C 0)SttS*383Sfttf iaRf * C <t # W 3 C <h JBTfcSo «JflJ©§^ A 
#T£*#(S)5 PAS C«<7)±KOT Ls lr£D PAS CttS^^M^W 

r7'JVE CH3(CH2)16 COOHt*. P A S C««©P A S C7£tt**6W 
t%rctb<D%m r&Sfefcj CD^xVUTS^c &-tf&6x X77 V Vl&J:fi^Mb 

& 0te*a«-^d6rc*^©<fei^j£tcj: lt pas c*a±ic 

Xx7U>»€-iifflr*o -MHZ, ttl 0 0AH$2 0 0A<7)J?£iBHCDX77 

Aft X 7 7 U £ L TM T 3 £ <!: ^1 U7 h/U^/cU $)6 x 1 

0-3 t/KDX77 >; VSIIJIt C t»I LTl^o 

PAS C»PA SCSttltt^ PAS CtlCDliar? 1 ; 
L ©Itt-ISle P A S C«I±l:it tB^t^feCSIt LTl^^) s 

>aiA^tic;^r§frxttPA s ca«±ic*Lfe^ £*mmc!&i*l 
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PAS CtlOPA S C5£ttS*K PAS am±lZ&&t%7>T7V >S?<D 

mm-*m (ot tc-hj m-so #MS)PSTOoi«^js^«T^cct 
iz£W£m.mzimLm%o mtt&mz. PAsc»ii±«T^xf 

c - Himmmm&mw&TZ&tcztt^mztiZo xttv >nwz&&t 
zc-mssits fc9m&miT%o m^mimn^trnt^x p as cmm^ 

MWtC;SttfbLfel\ ZVmmts ~miZ2 8 0 0-3 0 0 0 c m-i £>« 

■z?e*, y-viLmmHffl&tmt (wt tft i r^^jsj ^ 

lvr*J£«C£#WSo FT I RtCt*. «*3Wb»«hU^'J-»tta» ( 
J-XT rDTGS^ffiSj <fcP?-5C) XttxyUyWt7jcffla K5 2A&ffl« (J-XT rivi 
CT^Hi§§j ©J:5ftttU»£E«LTt>J:i\ MCT&aiStts DT 

G S£HJ»<fc »J <fXH&J3-Z%<bT&F S Ll\ £ 

W\ »ftStf (XWO PASC$«0^c»M6\ p£«^HU£^3e£ 

Stt&tf (Xli) yqftJR* tiS^ X77U $ 

iucpasc, Mift^io T^tti^T < £-i±(o&m&m l < » 

^f^o ^tlcts P ASC^«(D^®±tC#ar^^}lJt(7)X5 1 7 i ;>K (E 

^#ra<^^^i:ii^i\ ^ot> Mcj^m^m^Tcmmt, DTGS 

PASCKJESaattt, PASC*«**^fc*fflLfcl& PASCW5 
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PAS CWmiz-O^TtefeTZZtftl:^^ mz. it^m 

VJlZlE&mtZ) ©*'JH»ttfPASCSlSiSS«:4«o MP A 

SCjSttfi*. PASC^H±tC^ST^Xx7U>^M,»tCO^TFT I R 

^T'ciSttTii^-r^o zommp a s cs^jg^ico^TttP a s c«i# 

IMLTSoT^ ft<Tfc<fclA, ^:Xt7U>MIPASC» 
^14^11^ FT I R»3t3ttjfflH-*ffl^Tff3o »-38«© C - HftlSHBi© 

i«iHjc^«c-H#ii«©a»gttSo«ii»*^py h«c£tf?*, 

*4>fi*frS P A S CJEJS3SJBfc£«| 6ti«o 

HBiEfc&[&Si£4a.Sfca&U\ PASCSffiS3!ISIffllH*s »03b^© 
8B»fT3©ffff$U\ FT I Ri03£jSa)Pa©^SIlcBmf*^IHtt-StC 

ti\ &HWL<D®mi2ixfj3fa mmwmmmm its PAscjgjsisitfcjfcrr 

P A S C fijfcifl»& c m-i rolMgti C <h^T#s fOli^? 
PASC^14Jt^#l^<h^-To PASC*fta6^§RrSI&*tp0P 

a sc^o»tt, pas cms.m&*m^%mfij&x$ : z<DBmzMmLT 

^2X1 0-3, -IifSL<tm<t^5Xl 0-3 cm-i»-i(DPASC 

*»WlCfieoT«l3fi*nfcP A S <7>P A S C jgtt#&*3*fc8U£U Jt 
UTT^/c^lC PAS C»«©ff* £S03£T3C £t>£ET£5 0 »b, P 
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253c PASC1I2 4M (Xti) > tLSSt^^b^S I DB12 

fcgRT£#MI3fcft¥ttr (J-XT rvASEj M£) ic«fc«jb\ m&Ztitc 
m<D}mm<D7n7*n*-$ (prof i lometer)«lCcfc t»jfcrr3*>\ XliMj'tf 

PASC»a24Slf (Xti) s fcU££«ftSl& S I DBE2 608HI 
tt % ->x7-(Scherrer)(OH«*ffl^TX|«Hl»f (J-XT TXRDj fcifcSO x- 

^^btt^-r^iii^T^^c c Maxima e nr & y , zommt, 

* 5 ? (K I ug) StfT 7 +f > (A I exander) tc «fc 5 r£S£ H H H ff &tWS£J#lfclfl 
CDX^l£lJ/f}£j (X-ray Diffraction Procedures for Polycrystal I ine and Amor 
phous Materials) (1 9 5 4^ John Wiley Samp; Sons, lnc.)©S£9$lcjHii?* 

m 

CVDmiz&VBfitetltc2 1 0 0AIOPASC1I 

$J2 1 OOAOff***«-|Mk^VPASC4HIOPASCStt«** 
<DJ:dU:LTfliKfco ^>i/;U/^-7'>Htf>> i y/\'-^OP PGO^X MJ-X 
tttCcfcUMiS^VU^X (SOL EX) f7X<!: LTI5ro£tiTl^£ 1 & 

©y-#E0r>ya • 7p- hS#7X4>ffiftflO?a>*»*2 2<&±ic cvd 

S*JJ^TPASCtt«*ffl^T3R»Lfco H31EHU VU77Xfl7XS(i 
„ tiffl 4 cmxSJ 3 0. 5 crnXfjO. 4cm (fl5. 5-T>^Xfi^1 
2Y>t c xJI£0. 0 16-TVf) 0****8^ IH3lC^L/ccj:3tC, CV 
DSI18 8a^T3fkf ^> P A S CSlTf ILfco CVD#ffli8 8 
lis -mm 3 tC^ LfcMll^ 9 0RtF9 2tCcfcoT»lt*n/cHO^IiI^ 
b&£ 0 ^ftbEO©», Wi9 4, MM 9 6 " - U >^ 
«9 8frSft*o VU^X^Xilt J-XT. S#2 2 < hLT/Xvf6\ ffiBH 
Q 2<£>±lcHoT£Epi 0 4CD73lRltCHO(DMiI^®oT^»]T^o 
*ft 2 2 ti^ftttltt 9 4 cp^g] U □ 1 0 2 0±&tmc^ll£f!^t 
TEBS ftfctt&®fillit« 1 0 6U:J;>J#j6 4 9°C (ftl 200° F) ©SJttC 
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o CVD«fflKHSE9 6» % '>&<£&-o<7)Mgfi9 7*mTZZtlttiftZ 
MffgB9 7£#oT^T&Ja\ SIgI9 7tt, £8Effi3&gB&tff&l8P 

•f) te<fcyi 1 3°C (^2 3 5° F) ©fflJStc«»Lfco 

aa©2 0%ONH33&^*-fi:feo WA»©1 2 5%fcffiSL 

/to s# 2 2 o±iz-mik? $ y p a s c m*«»-r sofcffl^fc&MMfij 

lEWti, £»0>0. 4f*«%T?§aLfcTT I P?SU % Cftfcttl 1 3°C 
(^2 3 5° F) <D : &mvm&Ltc 0 C V D$ffii8 8 £®£ N2, NHs&tfT 
T I PIKD^lltt 7 5a»'JyHI//^ (s I m) T&ofco 

0 2 Millie »127cm (5 0<>f) /raU, MSBWIM 
0. 48cm (3/16Y>^) T'fcofco Sf*2 2li, «I9 7 <0TK253H 
s $J5 5 4°C (1 0 3 0° F) (D^miZtmU ZOffis $11 2 4 £Sft 2 2 £> 

±izmmu tnmi ooaMifc„ «2i ooaji (vASEicfcyane 
) o-mikJ-z y p a s c tt« 2 4 jjtHBiffl i o o ©±ic^m*nfco 

«flHHSl0 0*s 9UZT--Vy?mm 8^3iS^ KT^549t ( 

1 0 20° F) MIESJffrb. $H 2 1°C (2 5 0° F) G>g*tSlS'\lft 2 6 

p a s c i o o * x r ommzmftco pascsi24 comm. 
e/i7-©»i^Tttiu ^j3 0 9ATS^ji<t«^L/co 

PASCWWS1 0 0^ :^:X77U«MIU 
'ftJt^«L/co )«1 'Jv h/U^'U 6X 1 0-3 t;UCDX-?7 'J >SS;iJt£WT 

sxx^y vit/y*/-ju*jft«\ 00^1 000015/^38 
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y ymmm t 0 ^ y h 7»js £ f c £ ic J; y mm u *ft u: £ y x t t 7 y vk^s 

0 0~2 0 0A<DBZmmomLTm-t&BZOXf-7V>Wm*M-tto 7x 
7»;vlMi©ff*tts OO^l:;^T-m§<s fflLfcS 

Xt7'J >«S#f# Sft<5<fcd WilEf & il <!: § £ £ li gg#> <3 ft* T & 

Xf7 U >MMmm/-Mib?$> PAS C$«M¥4 100^ ^Sliil 

1 0 0«WiraLSm^^7t»b^MltcBt±JU PASC»«2 
4©IIT«2 OW/m2©3SS^3 05}SO^»^4^ Xx^y >HM 
IW«a)3W!4«IStt<ba*«eCLfco MCTftffliK^fcFT I RtfftMStt 

*jb^Ts ^«SBmrasRa3o^iaicsyssHwicFT i Riw&tmmE. 
mm^m^mmcm^Ltco xx7u>i£Mim/p<as 

C»asmi OOSjBjei^lBlcsySR^MdlcBlHU *©»?««tmi 00^ 

ft i RftxxmmzAfts zz?7>T7 i )>moc-HMimo)fattmt&*m 

m U P A S C >gf£Jt£)fc£ L/co fliS 1 0 0 £H &<£>S!lJ£B3 E y % 
TOtcSttSU MKX^7y>l£»£U Etc FT I R;II££*t&o 

fee dCD^;£^yiIL, ^»^\(D^RttSB^lcMT*C-H#MK)C7)» 

wt?$yp Ascsaia^i oo^r©PAsc5i)t^fco ±tsze^ 

tmi oo©rai;««a)jii3ntcSoT^T©FT i R»H££?Tftofc<:£t#pj* 
3o %tm&immz. 3 . 53x10-3 cm-i#- 1 ?j&«c t&w&z 

, 55S#7Xgft) ©»£©ttfcjfi<s Zifkf^VPASCW, 2 100 
A^fftrWhy^ix^VS^ffiflRI-^flDlc^Tfe^C^S/TiLfco 
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M2 

c v d mz cfc y Mfnfc 7 o 0-8 o oaikdp ascm 

*5 7 0 0-8 0 0 A©f J ^ft ^Zlfbf ^ > P A S C11 2 4 fi^X 
12T'ffll^c*7XMWt 3mm (0. 1 2<>f) CDJSUrM^ (IPS 

> »»©^a^y-«K->'j*) m 2 (D^m^mt 5 9 3 °c 

(110 0° F) T&ofco $|2<DTTI PIfitt, ^M5 0s I mt LT 
0. 1 %TSofc, *^U^XlE^i©2 4%iLTNH3*^*^Co 
«g3SJtli7 6. 2cm/^ (3 0 7«ofc 0 MHMit*1/16<>^? 
So fee Z1«VPASC1I2 4(DI^ S»BT«I6nT^*»itW 
*«£fi»"?«*=F»&fc«fcyMa£U ^7 0 0-8 0 0 A<DttHl*3fcfc£C£ 

fli 1 icrett©^ i;*> y £T\ -mc** > pasc wiiar? y >» 

©FT I R^^JtIttC^^Mra^^0#^3 3B#F^tCi:^T^orco 
fiO. 17X1 O-Um-i^T^iliM^nfc 
« CD P A S C SttSiWBT LTl^SOtt, M 1 tM 2 THt~mt^>mt 
OBZlzMft&Z>Z£lZ&% ! t><Dt%X£>n2> 1^)21 0 0A^700 

-8 0 OA) o mz, M2<D=ffit*$>P ASCWcWIkf^VP 
ASCSlOiI^£7)%A\ fflH©t»OJ:y*#U^c46, ^J2(7)-^b5 1 ^>^ 
8M"\0:J- h U *^r*VS^*tf**LW*C£fc<fc y. 0J2CDP a s c 

its 7 - - U 4 4 ^H7A»bi 2 CD P A S C SIMlLfci 

flE^PASC«Htt^-hy>A-r*V»»«"Smc<<, ^oT-i^t§ 

pas c^ttM-mif t &<hwa :t7*5, 
m 

CVD : ,&z£VBMZtltcS I DBfl(D±<0PASCttffll 

pasc : ,mmztttz>-m<tms i osm^commm^t 
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U *<OS I DBJI0gB*ttJItt#tt£fflSeLfco Etc 1 6fe<D7P- 

h^^XtCCVD^CcfcU-M^S I DBim, ^"IKbUS I DB 

i©^©±^ #jg«c v Dmz&v-MtrzyPA s ctMiLfc„ 

1 6tt©PASC»a/S I DBEtt«/7P-h&#^X<0&*fr5-O-fO 

osm^ u ir y s -?-n e i 6 (dmm±icxx t y vkhkm^smi l/c 0 i 

6CDX^ZU>m,Mm/-^b5 1 ^>PASCffi/-^MS I DBS 
M/im**^«(c»aL, ^ti6K#40P A S CfiJCTMfcSLfco 
3 A. SI DBl Qgf^ 

1512. 7cmX30. 48 cmX0. 4cm (5Y>f X 1 2<>f X 0. 
1 6 <D*£*£ftoy-#50r>y* • 7P- h>£7^7>U*>fr 

6Wy«lofc4;|fc0#7*<0£»fll±te % (Ml iCfBKOCVDgS^^T, s 
I DBS«-CVD^lC<fcy^SLfc 0 WfIC, S I D BJI&ZlfefltfES I DB1T 
^M^#tu«S}lJt. CVDHiiJts ^KlfflJS&tfS I D 

BMOBZO-Mik^S I DBJllcttTi>f^£ffi&Lfco 4tt<D#^*£TU: 

o^t, cvDacctyi^s i DBi£raj8«©fcjf^fc&M*fmK» 

JfttM B T T C LHfr?25 Us ^ftfcffi*** i'^tf 0)*«im<i:M^L/co 
B T T C L&ft&tflfa 1 . 5 %CD}lJtCD7j<^m£Anfc: i t><£>^ ^Otf^XJtO 

M«©#'\3t*c fli©cvD^tfSWc<fcyttfl:«s i dbm 

7«Lfco ^SJtM6 4 8°C (1 2 0 0° F) T*&V, Mic(D*7 
XlCO^TMl 2 7 cm (5 0<>f) /Mofco ^fttC £oTflM£ft 
fcBHbfflgS I DBfltt, VASEK<fcy>fc£LT^3 5 00A(DJi«6o/co 
S I DBiOfiln$SaiiSi£U £^4. 6X10-3O- cmMl 9 

m-Qfi^xxzmmimitms i dbi^il^ iiimso. s 

cm (2 0-fVf-) /tflCffiTU ^m+^'J^^Xtfs MBTTCLI^M 

8°c (i2oo° f) EfUtLfco *nicj;ym«*nfciwk«s i dbsi*. 
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VAS EtCd:f }^LT^4 3 40 A(DJl*"eSofco ffltimt. $}3. 9X1 

o -3 n • cm?jy, ttsttt^i 1 8 5 a?&% z. tmrnttco 

°C (9 0 0° F) ICISTL, -^SJtMl 2 7 cm (5 0^>f) /tflcig 
*Lfc 0 MBTTCLatttftl. 5%T**»A 

5%T&otc 0 »6tlfclMb»S I DBJfWu V A S ElE«fcySfe£L 
T^1 0 0 0AMfIJI££&-^ #j3. 8xlO-2Dcm0WMi5 9 

»E3©#7;Ut*H«fclMfc«S I DBET'ttaLfctf. ^Mliffi 4 8 0 
°C (9 0 0° F) tdtftU «3&Sl*5 0. 8cm (2 0^f>f) /tffcffiT'L 
fc„ SM+^U^tfX^ MBTTCLMliftO. 5%T*2&y* 0 
. 5%7$oft. SMS I DBJlli* VAS EtCcfcU)^LT^1 010A© 
H^^fS, X 1 0-2 O c m©ffiin#&tfft7 8 A0»I£&oTWc o 

ISSBcfcUs iS«LfcMi6H. liSJS. MS I D BjfW*(7)tBSlrtr 
s fi^Xtttt8tt*fb-r*tfs 4«E(0«7X>t^T^«BE(cassiterite)«IJfi 

3B. CVD&lC£UlHkiiiS I DBJi(7)±iCffM^tlfc- ^b^^ >PAS 

Mil 

1 2. 7X30. 48 cmX0. 4 c mil ( 5 << >?- X 1 2 X 0 . 16 

H»WlcK»LfcCVD«««aa%aiC<fcy, IttS I DB»?»«U * 
icfll 1 fcHHtoteEaELfcJ: a C v DlIgiMffiii^zHkf^ 

-»<0il«Lfc»««ll (-OttS I DBIs -OttPASCftWS) Ml^fc 

o s i dbi<d±©pascw, s i DBmrniKD^m*. ttm?n% 

l s L LTts SHU ^T, PASC*±lca«LfclMb«B«tt, ±®S5 3A 
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-mZs 1 6 ©IMS I D Bl^ Qn?Wl$tltc7mU£ : M£ L/c^M* 
* U ^-^X*(DM B T T C L y JBILfco MBT 

TCLlfS^l 8)1 6 0°C (3 2 0° F) (EffilLfc ^mI*6 0 s I m 
T*S»J, W@mbte1 1 5%T^ofc 0 Fl«0. 1 6cm 

DBItI/\7^-^M^Jtl5S I DBJiKfcTOaifcaVTo HPS© 
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MX 








SnO 




ICVD» 








fill 




H 2 0 








## 


0 F 


in/ft 




% 


A 


J 




900 


20 


0.5 


0. 5 


1010 






900 


20 


0.5 








3 


900 


20 


0.5 


0. 5 


1010 




4 


900 


20 


0.5 


0.5 


1010 


JJ 


g 


900 


50 


1.5 


1. 5 


1000 




6 


900 


50 


1.5 


1. 5 






7 


900 


50 


1. 5 


1. 5 


1000 




8 


900 


50 


1.5 


1.5 


1000 


III 


9 


1200 


20 


0. 5 


0. 5 






10 


1200 


20 


0.5 


0. 5 






11 


1200 


20 


0.5 


0.5 


4340 




12 


1200 


20 


0.5 


0.5 


4340 


IV 


13 


1200 


50 


1.6 


1.5 


3500 




14 


1200 


50 


1.5 


1.5 


3500 




15 


1200 


50 


1.5 


1.5 


3500 




16 


1200 


50 


1.5 


1.5 


3500 



S I DBSlLfcl 6faQj3z>XX(D&**, <%J£telg-S I D BWMMkWO 

T^izimtzm-cv owmmwizk y N ^c^mmizij^^os i db 
m$imm(D±izmm(H2)*w-\>j3xtpizAtircTT i pm^^ i J^(D±m 

7(NH3)^»L/c 0 1 6«f(D^TraU ^'Jt»1 1 3°C (2 
3 5° F) <DSJttc«L/cc ^Jl<7)^CDJ;^tC, 16W^7Z-U>^ 
L/co TT I PmmtmO^mifal 0 4. 4°C (2 2 0° F) imftLtco T 
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3S2 














T i 0 2 
















£M 




TTIPM 


IN ri jils, 






## 


■ p ^ 


in/ft 


l/# 


% 


% 


% 




I 


1 


900 


20 


35 


105 


0.1 


0 


1/16 




2 


900 


20 


75 


105 


0.4 


0 


3/16 




3 


900 


20 


35 


125 


0.4 


20 


1/16 




4 


900 


20 


75 


125 


0.1 


2Q — 


3/16 


II 


5 


900 


50 


75 


125 


0.4 


0 


1/16 




6 


900 


50 


35 


125 


0 1 


0 


3/16 




7 


900 


50 


75 


105 


0.1 


20 


1/16 








50 


35 


105 


0.4 


20 


3/16 


III 


9 


1200 


20 


75 


125 


0.1 


0 


1/16 




10 


1200 


20 


35 


125 


0.4 


0 


3/16 




11 


1200 


20 


75 


105 


0.4 


20 


1/16 




12 


1200 


20 


35 


105 


0.1 


20 


3/16 


IV 


13 


1200 


50 


35 


105 


0.4 


0 


1/16 




14 


1200 


50 


75 


105 


0.1 


0 


3/16 




15 


1200 


50 


35 


125 


0.1 


20 


1/16 




16 


1200 


50 


75 


125 


0.4 


20 


3/16 



VDiIi88^IoTilU Mies I DBJl£gW\ 3WCPASC*«* 
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m 2 [Zsffl UcPASC»ilfflL/cE 1 6$0#7Xtf<D^(7»RL 
Tc^m^TOm 3 izmtc P A S C MO)J?7m«£ftT^&l^\ &£jt& 

^.»ft;iJt£> d: d \^ ^ - ^ ommz £ Us ^©SrtTSIljL 
LfrU ffl*&tmStPASCSffiS4:*W^t*/"c 
ftte, PAS CSI(DW*MI»g^^Lft 0 OT?lSHtt> PAS 
CKo^Wc7h5 7^ • • (Atomic Force 

Microscope) (J-XTs Ta F Mj <hPf£)«lcS^li£Lfe, ^S&SjewiUS 







&3 




t i o 2 ^mm&mt^mmo^ 


si 




3& tints. $ 




i± HL-lfi 






Rms 


A 




i 


1 


4. 13 


* 






2 


5. 18 








3 


7. 87 


★ 






4 


7.84 


★ 




n 


5 


6.39 


★ 






6 


4. 38 








7 


5. 99 


★ 






8 


7. 50 






in 


9 


14.71 


★ 






10 


15, 58 


277 






11 


23.08 


121 






12 


16. 93 


166 




IV 


13 


13.13 


216 






14 


15.72 


★ 






IB 


14. 52 


★ 






16 


15. 93 


154 
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5 S 6, 8, 9&tf1 4) h\ JLit fcf-* £ y iz&fc < TSSl/tf:#>ifl!J£T*#& 

frofc (K^ 3 . 4, 7&tf 1 5) tctos iimimn-czt&frorco 

3 C . 16 QM&m P A S C SttfflBIHk. Ol^Tg)RW 

1 6ftO)PASCiI/S I DBW7XJt0^0*»bs 2. 54 
cmx 1 0. 16 cm ( WV^X 4<f tWXttttli^fcfflyiJlofco 1 
6 OSiK^O^^s $J 1 KfEtS Lfccfc 3 tCs IsHEttBlcj: U Xf7 y VitHBS 

Barexmn 7 bif^ie y nuu xf? y >^iiiMco7 l c^§tt'fkS)t^ 

XTT'UVltttlMlOff*^ 2. 5 4 cmx 10. 16 cm (HVfX4 

*a^©/-c46, taj»oft*tc^oTT^6o>»Wi:«fcyaT»jaT««LT, 

V>Mfflmim<KoT^tc) s MCTttfflWJlTlfeFT I R 

ffll^TI 6 0ia,^(D§^cD§raT«^ttJS^;fJ^L/co 1 6©K»^© 

*^tcO^Tfift-Dfc*-J*OKiilcS*Ls FT I R###KKRte«fcy»Sft 

/cpasc frmmmzm 4 tc^-r 0 
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Bit 

w 






KiS^DPASCM 


#-£ 




X 1 0" 3 cm" 1 ^ -1 


X 1 0~ 3 crn" 1 ^-" 1 


I 


1 


0. 39 


0. 45 




2 


0. 32 


0. 28 




3 


0. 26 


0.31 




4 


0.4 


0. 39 




g 


0. 5 


0. 57 




6 


0. 23 


0.14 




7 


0. 27 


0. 22 




8 


0. 014 


0. 019 






0.23 


0. 048 




10 


0. 96 


0. 77 




11 


0.4 


0. 31 




12 


0.52 


0. 43 


IV 


13 


1. 18 


0.94 




14 


0. 73 


0. 77 




15 


0. 42 


0.41 




16 


0. 25 


0.35 



«41EBBU mmtofcts S I D BM(D±(D P A S C MCQ PASC JSttSfc 

SBttl^tt, SCK»<3!)JEffl©3atJSlc»^<Kfi1 3, 1 O&tf 1 4T»*So £ 
tl5©^1 3, 1 OJfttf 1 4(t St^J»2BS6 4 8. 8°C (1 2 0 0° F) IZ 
ttJSf« 0 P A S C5£ffi£U:«i: V^yttttf*?Z>t, WJOl 3<Dftttfe«& 
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k4*yWkwmmmo&fch\ pas cwmmoi- h u o^tym^m^m 
ma 

^10. 16cmxl0. 16cmX4mm(4OfX4-r>fX0. 1 

6 << b<d 3 tt© 7 □ - 1> mm x ftoi^mmz, mmmmmfo «fc y -it 

m>PASCSl«iLfto 

*H4tc/T%ro iii^iKt ^mmmi 2o^.x}mmm^mmm 22* 

atfs *CT^6 0 0~7 0 0°C (1112° F~1 2 9 2° F) 0>15H0)U 

^nmuoxmumm 3o\,z&vbmt% 0 »^©^x^i 26^ii][is 

/X/H 3 2*iioTHV^7T*Jl^o WXM«7X^1 2 6 ©SfLffliJO) 
±^2 5. 4cm (1 OYVf) (Dp/HcM* ftTUSo M#JIM£J£» 
7ktt»»»1 3 4£\ 1^11 3 8*<0HI#»1 3 6lCcfcoT;M«l«f^tl 
Tl^„ 7j<M»1 3 4£M1 4 0£iIoTPgH/XVU 3 2^^ 
■W£®«fcl^y£? (E«1 4 4tcd;yPgS/X;H 3 2CD75^ii6>n^.Effi 

Mail 4 2^5©) E.m£n,t : ,%£tz>o 34/Eii^i^ 

£/X/H 3 2^7X^1 2 6<7)a®±^\Pl«LTi«»^i1 4 6£fl5fiEL 
v S»5MS¥LT^X^1 2 6©±lCPASCtI2 4fflUco PASC^ff 
tf^Xtf 1 2 6 ?v££P Lfco 

fey, 3&(D7^X#1 2 6(Da®^75^bnfc7KM»(DJS]t^ 
^X^±tCPASC^M©Jf*^^^cfcd«®L/c:o ff£&400A, 7 
2 5 A&m 000AT-feofc o £TM<7)$£/ ^ * S I 
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m&*y p a s amiz-o^Ts ftM^sffit ra« p a scsiu^i 



H5 




mmm 

in/ft 




ft& g/1 


swag 

ml/# 


**£ 

lb/in 2 


a* 
<c 


Ti0 2 
A 


PASCIStt 

m xio- s 


A 


75 




20 g/ral 


40 ml/# 


50 


672 


400 


2 


B 


75 




20 g/ral 


55 ml/^ 


50 


677 


725 


2 


c 


75 


■fefvv-T 


27 g/ml 


67 rol/# 


50 


688 


1000 


3 



cmxi 0. 16 cm (H>fx4Y>f) COTQC^i^KMU £SBT* 
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a s amoi- h >; 9 a-t *y#.m*mz.t z. tts. < , i^mu^t^mm 
Ejmmtme>*i% ztmzmtzz ttre&Zo m 5 bourne wot^j 

tlTl^ * 9 P A S C jtitfl <&££P ASC 5£ttStf-*K < c £ 

«iij»5WSiic«fey^LfcPAsc*aifl!)s s 1 DBA#£3«££*Ki/'tt£ 
<h©m stf p a s cmmoT-- u >^(d^»^o^to)w^ 

8^coi3^xmzmmmmmiz^ upas c«i^ 

PASC*«(DPASCJE(S3aSlc»«s S I D BS4)W*S4>f^ PA 
S C ttSU* (Omm s TkZf P A S C »ai6«Ep(DSft:*SJSO«*«-«W L/fco 

fc % -7«yfkv ? ^/U^> (C4H9)2SnF2SO : >I}FI»7j<M}l%^6 

mmmm&z£vmmLtc5 o o ABv-Witms i db®t«l/co *<z>- 

tm»J©4ttOf7X^ £*S I D B l(D±tC r/PASCfil? 

»u m^^WLtcc s i d Bg0iffli pas emmtcom^m^^m 

U 3J«C||ljnlftLfcftPASC*BI*JSffiLfc4tt(OS I DBItl^^li 

WofcftiiilWWTfiU ^-tUCcfey-^yft^^/WBM* (S I 
DBI^^M) frZ^t-lbTH+lUT-t h*- hStl (PAS CM 

IBffiU □ - h 7 X TjtVCDJ: ? te®MTZ>mmz S I DBSS 
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tZ>£o\z?% 0 

8&<DP A S CMtf^Xtt^T^^^L/c^ ftlb^X^ #J 

a s cmmfi^xKomtmizitiLmnfrmuLrcu v a - 3 4 o»ac^ y* 

fti§HCgfcBU P A S C 2 0 W/m2£D»^^fc s Xx7U>K 
Ml$JI«££tl3 P A SCJ5fSS£jf£, $J 1 KiBKLfc^S^fl^T^M^lc 
)^L/co C4)P ASCJ5Jfti£Jftix TO St 6^, 0. 0 O^CDl^fi: L£f^^:»• 
fdl^^:;f^LT&3o 0. 0 0#<D/\°^-2tex P ASCW^±tC^1-^>*^ 

mmm* commm r$ iz o ts l ft 1 071* & ^ c £ ica** ^ * ?-&3o 

Xr? U r/KRfoSlctt? 3T 7 -- 'J >?«<DfgiH*s ^©<fc o \Z LTWKfc 
0 JiSXxT 7 'J /^/-/l/IIfet^lU^II^^ Xt7U> 

^XttStl3b^H*ti*< *S*'7a< Cilcj: y , 8&<D#^X#4)&*cD 
PASCMfrb&5tl&£Lfco ;Mc8*fc<D#7X#CD&^ ^lf&£^5 

oo°c (932 0 f) [zm^Ltdpmms^mxn, ^(Dii^x^mmL 

ST^iP Lfco *pf < y L/c^JPSitlcJ; y 7 ~ - U V?£4*./c 0 * 

»H<-±7^f c 7--U LT&l^P A S CWmtmWVtt PAS 

BB*4tLs ^tc7--y >m^5W4>T#^< yJWPLfc 

8ft(D^7XR (D~K) [ZO^T<0W9O'-- i Jy<mmzm%S I DB 
ISt; P A S C WMO&jm P A S C £J£&J££. 6 [ZTTsto 
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pas cm<D%mmm&&fem& 








TiOtftfltt' 

mm 




i 

U. UU77 




135$" 


735^ 


D 




400 A 


1145° F 


0.72 


1.05 


1.94 




E 




625 A 


1145' F 


0 69 


1 05 


1 67 


2. 97 


F 


500A 
SnO E 


400 A 


1147° F 


2. 39 


5. 02 


7. 39 


★** 


G 


500 A 
Sn0 2 


625A 


1152° F 


2. 23 


5.35 


8. 74 


5. 13 


H 


/it 


400 A 


1260° F 


2. 05 


6.59 


5.14 


*** 


I 


& L 


625 A 


1260° F 


4. 71 


7. 99 


9. 95 


5. 39 


J 


500A 
SnO z 


400 A 


1300° F 


2.4 


5. 26 


3. 73 


*** 


K 


500A 
Sn0 2 


625A 


1280° F 


4. 64 


12.29 


5. 57 


4.4 



★XxZUV^^r^fc^PASC^raJt (X 1 0-3 cm-1^-1) „ 

lOff* OTI) It. S I DBl(D±O-jijS^4 0 0AcDPASCW (M 
HK) ©PASCStS(^<&§i:<i:^LTl^o TOKO^> S I D 

i dbs(d^^£tLs ^ft^&kmWMIif l^P A S C>£'ft 

a 6 C7)M» Ktix T 7 -- U >WI^ P A S C SfSoiJt'Cfcf UfO ££#£3 

Jtte> *$4. 6 4frb^1 2. 2 9X10-3 cr' ft" 1 'VtHL/ctf, *<D& 
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mt\ PAS CSttJt^H^-r* 3 5^£>7-- U V^l^M^tl, S I D B 

«*KiMbiBj»a*-* c (tied; y K46f»*s©^- h u ou-<*y®.m*mz.T 

i-bV Oh-ftyffimZ&Z U WHRKOPA S C^ffigOiTFOJIHte 

p a s c*«*4**±a©£j£fck *©<fc?&«watt«fc»tt-r*»t; 

tl6^7X»*:fC|fije*ti*t,©T'ttftl\ fl.la.tf. «r^X«*:*«T»fl&tf 
CXWO »<k«fed6fiPJ»f*«^s S I DB**j#03^Xttitfca^PASC 

ifflt^iii^^ cvD&^pgn^^^tts tf^xs^M/ms 
a scan*. *ft/M<bffliiinssM«f^ic, cvd, minium x&msv 
95) V;U^/USlcd;t>ilig*ti/cPAScaaitx ±»©£Ste<fcy«ifi;!fftfc 

a s cmmmmwr^gkftBMznzozmf. znft^mz pas csisjs 
sfiT-r*©T»s a*L<fti\ cvDxt*iiuiJi!^^c«fcy«3fi<JrnfcPA 
sew, ^u^/uaac j: ygi^n/ct©J: y 
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pas cwm^mt^iw^mzm^mmm^z^ vnfimmm 

(**l6tclM*tl3S:lS *58H90PASCai©th 
PAS C^a^ffM-r^CDlC^tcM^tLi>(DraL, SlftA^T^VOl/^ 



[HI] 
20- 



-24 



-22 



FIG. 1 



M2] 



26 




•24 



22 F/G.2 



(46) 



#^2000-513695 



im&B] «1 1^3^265 (1 9 9 9. 3. 26) 

ftju (1 0-6 m) (DBZIZ&% 0 ^a^PASCWt PASCil 

PASCiI2 4tt, 3t««^flltCj:oTattfb*tlTa5WtlC*y, CVD 

&<fci\, 00*.^ PASCiI2 4Wt IHb^X BMktts iHblg. iM 

aiWb»xttffiiMb»t.^sn*o 

. 5m<*:'>3^PASC*HI£. «m^?s CVDXttMSVDjaiCfcy** 

tt**tLTatf, cvDj£7?tt*^u^*rx, ^j^^e^x^jK>\ «&2 
si* 2 2 pascsi24 mmt%(Dizftftf+mzo : ,&mzuo 0 M S 

*Xt*«ffll«0»ft2 2*flHftLTs X/\°>y^';>«a^H B B <b^^ PAS 
C1I2 4MT4 

pas c^^pg^^^tcj: v&mtzrctbs *mi<DnBrzmvzz.£ 
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LTs MMfowmmZo -mt9* yp a s c*«?&j&$r stca&icwa 

&#JI7 7 -fe3 1 /U7 7 -fe h*- ^^-yU7Hz^;U7H2 h*- h [T i 0(CsH 
702)2] T*££ 0 7m«»^S7 7 ^^U7^l-^-hCDffl^;lJt^ » 

©^<»:©J:asa®7£tta"JT*tJ:<, XHYtfVtt 

jn*n*ofl«iia«T**^ ^o. oi%~i%m:0i5Hicr«c£#w 

^fc^^TkttSia^ WI^4, 7 19,1 27§PM* ftleSfl 2*131 

1 6*T~fg4ffi!fg4 8*T (cntt*a-r*cticj:oT*wffl»i:BiyAn*) 

M S V Dj£*Jl^T PAS C*H£4*3» S U^SMu Sft±M!I£X 

«aai*^MiiLTx/\ o 7 * y ywmzifeikitLz p a-s c««2 4 

ffilTLtf, MSVDj££JBl/>Z\ 3^5-5 0%, ff*L<tt*&20 
^C?7;H1>/^#Bim*«5~1 05'J h-;U (0. 67-1. 33/U 
£;b) ©E*W*V*«^-yyh*X/ty5ry>^«Ci:lcJ:y, S#2 

©ttW*£llfbLT^Sl\ ML7c»#»a»blSytbU ^4 0 0°C ( 
7 5 2° F) H$6 0 0°C (1112° F) OftHO'Ufcs PASC$£ H TO0 
zifkf^CMMU PASC>Sttlc-ri»(Dl^^0^MT^o - 
ISra4 0 0°C (7 5 2° F) H$6 0 0°C (1112° F) ©SSKD'M 

&< i mm-?&%(DijW%Li\ m&2 2#7n- hmfi^xvxyfrz® 

VM-otcfi^^y-bT^Zm^ PASCiI2 4(t (Xli) II 

ffloicx/^^yv^im-rsctj^w^o 

HklS l DBlti, Pi»^?5£lcd:y, -7-Wbv^/HI. (C4H9) 2 
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s n F2%xf &<D&®mmvii*Bmu ^(Dymmmwmmm^miz^vmw 
±izmmt % z. tiz& y »*Ltfc*ti»« c -mz^o^nmrnw 
it. mmmaz. ?j<i g 7 h/uMafcy 1 0 o~4 0 0 go-7yft^^ua«- 

7lbiW/«i?£«U 1-1 0)u dO-«m) ©¥^tftSlc-r*o 

7K»;i%^ t&m 4 0 0°C (7 5 2° F) % J?f:L<li#J5 0 0~7 

0 0°C (9 3 2° F~1 2 9 2° F) ©Mlc££gtta®lCPSiS£l#JBte£ U 

1?J2?ffll^cf7XlMiH 3mm (0. 1 2^>f) ©JI£©M (IP'S 
% tft»©'J>ft^y-«K->y*) «7X?fio/co ^J2CD^S]tti5 9 3°C 
(110 0° F) T-^ofco $J2(7)TT I Pmmits iM^5 0s lm<l:LT 

l§IS£JtW:7 6. 2cm/# (3 0^Vf/^) Tfcofco FMIt*1/16<>^ ( 
0. 16cm) T'fcofco I»^>PASCSI2 4©J¥££\ 
6>nTl^«MJI^}iy^WT^^^fetcd:U^U 1^)700-800 A© 
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m 






mm. 






TTIP$|& 




mmm 






' F ★ 


in/ft 




% 


% 


% 


in 


i 


1 


900 


20 


35 


105 


0.1 


0 


1/16 




2 


900 


20 


75 


105 


0.4 


0 


3/16 




3 


900 


20 


35 


125 


0.4 


20 


1/16 




4 


900 


20 


75 


125 


0.1 


20 


3/16 


ii 


5 


900 


50 


75 


125 


0.4 


0 


1/16 




6 


900 


50 


35 


125 


0. 1 


0 


3/16 




7 


900 


50 


75 


105 


0.1 


20 


1/16 




8 


900 


50 


35 


105 


0.4 


20 


3/16 


in 


9 


1200 


20 


75 


125 


0.1 


0 


1/16 




10 


1200 


20 


35 


125 


0. 4 


0 


3/16 




11 


1200 


20 


75 


105 


0.4 


20 


1/16 




12 


1200 


20 


35 


105 


0.1 


20 


3/16 


IV 


13 


1200 


50 


35 


105 


0.4 


0 


1/16 




14 


1200 


50 


75 


105 


0.1 


0 


3/16 




15 


1200 


50 


35 


125 


0.1 


20 


1/16 




16 


1200 


50 


75 


125 


0.4 


20 


3/16 



*★ 1/1 6-0^=0. 16cm, 3/16<>f=0. 4 8cm. 
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(0 (i) mmmfttnizmm%mk&mm%t<Dmizm^nrcs mm 

(ii) WIB3tl^^bi^*«©^Ji*0-»»T?36oT, M1B^M«)S 
fr6££±fB%p a po 

2. M5ttiki»i!ti]!)\ mtrzys mm. mim, mitm, mt 
*y?7Jrv. miTfr=i-v^ BHb&& «#r a \ ^btu^xx gHb 

3. Mtt«^tt<bS&1£SSaV T^—tf^BHb^X iWfr-mtk** 

4. / >*<<!: j £,2ooA(Off*^-rss mmm 

1 1BK0%p n Po 



31 1 l3«<Dt)n a Po 

6. mm^itmmw.mt\ ^<t^5ooA©i?^n, 
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^1fEtM3n n p 0 

7. KM®%mk&mmmt\ 'M<it2xio-3cm-^-i«s 
s. mmfx.m&m, Kfm%Mkmmwm±foimLrc'\ 00-200 

^3 0 0-4 0 0 nmCDiBH<DHM£&^ MIBftftfe$;£t!Hfcg;# 141630^ 

Tl^s ff^«8IS««p D Po 

1 0. ^M^Wkg^ttW^. Sft±ra®it»tiTl^ 11^1 IB 
KO%p a p 0 

ttmz^tZs «^JI1IBK(Dtl n D Po 

OSfrb&Us Mf3ftM$>£Mg&Mff£\ MfB^iIfflJlft<7)1#±c7)Sr 
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4§B«Mp d oo 

OWL'mZtf, H&4 0 0AT*fcS, »#JS1 5fE«©ttln a po 
i 7. *MJC^*>ffi»HMtf* ISH^iUHb^ *l@g&AiMbfe. 

Vite-iU. 7-yHK-7iHb§!, BHbT'/l/S-'^ IHb^*~>0^ £ 
<bffi»* BMbs/tM/K IHb^PA, IWbv?***^ ttfbtts stH-neo 
S^%6^S*^5^*nT^*, IWI1 7IBt!6«p D Po 

19. ±h-';9AY7t->raP«H/i*\ '>&<<hM2 5 0AOJ|E££rt3 

20. +vwu>(*y&®$mim. t^m5 o o Avrnzz^tz 

y 1111 8IBK(D%p a p 0 

22. sft*\ m-i^ssra-±M<h LTii^^n^raiucD^®^ 
m i mmom^a 0 

23. mmimik&mwmtjK m&*y. mm. mm. mm, m 

\1*V97JtV. ^b7iU5-^A, mum. ^ «U7tX It 
fc#SM«^MtcWr?)s »M2 2IB«M n n po 
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77iK-7l» mtT)l$-OL^ Wit^V^OUs M 

2 6. ff^yUHfeft ^X5/-hatfil«l7P-hS/f7XU#>3b^6ftS 
?¥frbit^nTl^ WM2 2IEt!6«p n Po 

%Z*m&. iM»L&tfStf9LT^tf££Lfc7P- h&tf^XU 

IB7P- hJ6 , J#V.W&3i'PT»ft*^TWIB7P- h& i ;#V£7 , --V> 
?U ijfB7P-h;£U#>M3MP-^lc^TtMSB / \»L. ^JITM 

WIB7P-hS£U#>©*ffl±^ *©'7P-hSy^0t!ffi*fcU ME7 
P-K£U £&^4 0 0°C (7 5 2° F) ©igS«it5^ © 

Ct*ff3s ±IB75>So 

28. il«7P-h>£^X'J^>t,\ m-»E5^LT^ 
S*ni>ra»ia®^^L, MB»-±aB5#s MIB7P-h)£^5XU^ 
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